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IB Atasbract 

20 Tbe World Health OrganizatiOD (WHO) Is undciiakiDg a iscriea of coiisii]tatioii3qii,scro)OBical criteria for the evahistioD aid licensure of 

21 new formulaxions/cembiB&tions or dificrent v&cciiurtiop schedules of pneumococcal coigvgaie vaccines. Hie lack cf a definitive seroloeical 

22 conelatc of pTotcction and ihe xouhipUdiy of axnigens involved, cqpedall^ «inc8 the climcal efficacy of most of llie individual seioiypes 

23 npresented in the only licensed v^ecine bas not been estabUshedt aicfaindennf the fonnulation of criteria for lieensim of new famndationfi 

24 Of combinations of tbe vacone. Tbis itpoii analyses ilie varions of^ons ifaeif ^ndalfve Boerits and drawbaekt And provides pfdindmry 
29 TfTffmmfndatiTiTiT as guidanoc to y^grdaifiry ageneies in evaluating these'vaocines Jbr dm puiposes of licensure. More detailed recuuiiun>» 

26 datiomftr ptodnction and contzol of pnennocoeeal ooi\fu£ate vaccines, Sncludibg criteria for evaluation forlioeonne, ne currently being 

27 dnAed. 
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The World Health OiBamzation (WHO) cstimotes that 
pneumococcal infections cflttsc at least 1 xniUion deaths an^ 
nuaUy woildwide (1], Most of these deatis occur among 
yonng children in developing countries. A 7-valempneuino- 
coGcal coidii^saM vaccine was licensed in the United States 
in 2000 [2]. licensmc ivas based on a pivotal trial that ee- 
tabHsbed efficacy of the vacdne against invasive pneii^ 
mococcal disrasc among children in noithero Califbinia [3]. 



^ Use of vaedm trade taasna in Oua douuiuent is for identiticBtioa arfy 
flud put mjiply Mtrif» THi'.iiit;iii \jy ibc Butbon or diCii inSilutiOilS* 
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However, this vaccine lacks a number of Gerotypes, sach as 40 

1 and 5,^1 are an important cause of invasive pneumococ^ 41 

cal disea^ in South America, AJiica and Asia [4]. Newer 42 

fomnilatiqpa comtaining 9 or 11 s c i otype s are currently im- «3 

der development [5-7], 44 

A variety of ionmilBtions mid pzeseatatioDS of 7-» 9- 48 

or ll-valent pneumococcal conjugate vnccinea, either as 48 

stand-alone producits or in combination with other antigens 47 

such as Haemcphihts ir^Utmae type b (Hib) or Neisseria 46 

meningitides, may be required to aixoramodate the needs 46 

of individual comuries or rcgJons. Addilietnal difierences in sd 

formulationd required in developing countries include com- 91 

binationa containing diphtheria-tetanus-whole cell pertussis 62 

(DTwPX and multi-dose foimulatiOttS eontaining thiomer- 53 

sal. Furthermore, difiTeienccs in the epidemiology of pnei> S4 

mococcal disease may require modifications of the imrau- sS 
hization schedule^iir c^ataini^ons. 



1 Q264-4]0K/Q[}/S - sec fimu mancr O 2003 

2 doi:iai016/S02(4^1QX(93)00230.S 
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ForthejnJiposBof liceMure»iiaii-mfcriority f the newer 
fomnilaiioiis to the existmg licensed ioimulatioii will have 
10 be established. The multiplicity of antigens in these fhr- 
imilationB wil! make su<* an asscasttcrt very complex. Es^ 
tabUfihiiiB non-inferiority against clinical trial end-^ints to 
each new formulation is inipracticaL At the same tinje, es- 
lablishing non-inferiority based an seiolo^cal criteria is leor 
dered difficult by the act that there ia no dear agreement 
on die concentration of antibody Of titre in vaccinees that 
may be used in a non-inferiority model to predict whether a 
vaccine is eifective. The lack of such data may result in ef- 
ficacious vacdnes being rejected on die basis of arbitrarily 
determined antibody caneentredons. This could result in the 
productitm of vaccine being dqjendcnl on a single manu- 
facnirer, which could compromise global vaccine supply. In 
addition* this may also limit the number and types of com- 
binaiions and fomjulations available for use, which would 
be dctrimeiital fiom a public he&lth point of view. 

Because of swssiblc differences in the optimal formula* 
tion, serotype distribution^ disease burden and ^demiology, 
climcat trials may stil) be nccessaiy in develc^nng coun- 
tries. These trials may provide additional serotypc^spcdfic 
efficacy. These data wfll help reinforce and refine dae use 
of serologic end'points and die strategies outlined in these 
recommendationa. 

In order to discuss these issues and provide guidance 
to regulatory agencies for evaluation of new pneumococcal 
ooxdugate vaccine formulations based on ^rolo^cal cri^ 
ria« WHO sponsored a consultadon in Anchorage, Alaska 
in May 2O02. The consultation reviewed available data on 
8croJogical criteria that predict protection against pneumO' 
coccal disease and fomfiulated a scries of recommendaiions 
that may serve as important elements for the WHO recom- 
mendations for production and quality control of pneumo- 
coccal conjugate vaccines. This report describes the major , 
scientific challenges for establishing a licensing pathway 
based on serological criteria and summarises recommendap 
tions made at this meeting. 



85 ^ General consideratiDiu for liceix^g pneumococcal 

96 conjugate vBcdues 

gr National control audiorities are risk averse. Therefore, 

SB they expect data that provide high certainty that anew prod- 

90 uct is both safe and efficacious before approving It for 11- 

100 censure. While data establishing clinical protection are op- 

101 timaly it is recognised that such data cannot always be ob- 
iQB tained. Consequently* vaccines have been licensed purely on 
iia the basis Of iranninogcnicity data, provided the criteria used 
104 predict clinical protection with a high degree of certainty. 
1QS This pathway has been used for licensure of HSb and group 

108 C meningococcal conjugate vaccinefi. 

IDT The United States Food and Drug Administration (USF- 

10B DA) has approved direc different Hib conjugate vacdncs for 

109 Bciismirin l59Ci^ 
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(WJ«h\toancB,Pe»illivcr,NewY rk)andPedvaxHIB™ 
(Mcick, West Point, Pennsylvania) based on phase HI cfin- 
ica) efficacy data [8^]. In 1993 the duid one, AcMB*™ 
(Aventis Pasteur, Lyon, Prance), was approved fbr licensure 
follonvmg evaluaiian of immunological data based on the 
criteria oudined below [10]: 

(a) assessment of amibody itspanse^ as^measured by 
EUSA, in randomised comparative immmogenicity 
smdies in infants with cuRently licensed vaodnea as 
the control; 

(b) pei^istcnceofannbodies after the primary immunisation 
series until the recommended booster dose is givci^ 

(c) demonstrationthat the conjugate vBcrane primes infants 
for a subseqaent booster response, to die native Hib 
polysaccharide, indlcatbg the inductian of immnnolo^ 
memoiy; 

(d) demonstradon of' functional e^acdty . of conjugate 
vacdne-mduoed antibodies (0^ measured atfaer by 
opsoiuc or baclcrieidal acthrity). 

The primary end-ipoint for estabK^hing non-infbriori^ 
was the proportiDn df vaccinees who developed antibody 
above a threshold concenttatiotn of 1.0|LgM, althou|^ it 
has been argued )hat maintaining anii-FRP conceatmons of 
>0.15 M-g/ml correlates better with protective efficacy [j H 
Similarfy^ ' grov^ C meningOCOGCal GOfdugatB vaccines 
were fitst licensed in the United Kingdom id 1999, based 
on thw 'immunogenicity rather liiaiL elintcal efficacy. TbA 
antibody data huppuitin g the use gf gnntp C mcnmgo- 

coccal coi\jugate vaccines in the United Kingdmn, were las 

genmted by scrmn bactericidal assay (SBA) using rabbit 13S 

complement. There is a genera] oonsaisis diait when baty i40 

rabbit scrum is used as the source of camplemco;^ SBA 141 

litres of <l:8 are predictive of susceptibilhy to invasbe 143 

meningococcal disease and titres of ^1:8 are predictive of « 

^ort-teim protection. In the UK, a combhiatian of addi- 144 

donal indicators was used to assess immune respamie to 14S 

•license a memngoeooeal groi9 C conjugate vaccine. These i46 

ipchide: (a) evidence of a four-fold rise in andbodytitce be- w 

tween pre- and post-immunisatioiis seia; (b) demovumdan t4a 

of immunological inemoiy; or (c) evidence of inereased 148 

avidity of group C-specific antibody [12,13]. iso 

y/laifi a E^i^ai - strategy could be adopted fcm pneumo- iai 

eoccal conjugate vaccines, li» issue is complicated by the 1S2 

fact that unlike Hib and group C menmgococeal CQl\ju- 169 

gate vaccines, this vaccine is a inixture of imsltiple proleia- 154 

conjugated polysaccharide ajitigeiis. The fact that newer for- 15S 

muladons may contain additional antigens for which no li- iss 

censed product is available for comparisons adds compleociiy isr 

to the registration pHshway. taa 

On a more pragmatie side, one would need to reconcile is» 

the tmportance of defining immune respotise measurements 160 
that reliably predict effectiveness with the importance of 161 
access to additional pneumococcal conjugate vaccines. A 162 
first major consideration deals with the availability of other i6S 
pneumococcal coigugate vaccines in the short- and mid-term ie4 
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166 apait firom iJ» already licensed Prevnar™. Balancing fko- 
lee tfiSS that would make a vaccine acceptable for ticenwe even 

167 if' mferior*inoneorTnOTe&q)ect5 fcompaiison with the li- 
iw censed vBcdne need to be considered. When kMafch 2001, 
iffi iht USFDA ^dnes and Related Biological Products Advi- 

170 Stay Cominiitee CVRBPAC) was asked for advice tegarding 

171 vhedier non-mferiority imnnme response trials comparing 

172 a new pneumococcal conjugate vaccine containing seven or 

173 more serotypes with the licesised one would be sufficient for 

174 infoning efficacy sigainst invasive pneumococcal disease, the 

175 majority of the ccmmitfeee agreed that non-inferiority would 
179 be sufficient. However, inferiority for rare serotypes migbl 
irr itot be as importanl lelative to the benefits of aUbxr having 
iTB additional vaccbies licensed or additional sero^rpes covered. 



3« Scrologpc methods for definhig inininnologfEcal 
con-dates of protection 

The serologic methods used to evaluate the licensed 
7-valeiit pneumococcal conjugate vaccme included two 
"critical'' tests^ i.e.'IgO quaznitanon of all specbnens and 
cpsonophagDGyde assays on a subset of specimens. Ad- 
ditional tests, le. isotype/subclass, avidity, and serotype 
cross-ieactivi^, have provided qualitative infoimation about 
immune mechanisms evoked by this vaccine [14,15]. Hovt^ 
ever, mteipretarian of Ibe results of multiple testa perfbnned 
on one specimen can be diallenging. 

The potential issue related to the use of these tests is. the 
lepofted mtidest relariDn&hia, between the ELISA JgQ c6n- 
csntniiians and opsonophagoc^tic titres [16). Tins appears 
to be a greater probleni with pre-immunizaiiaa sm derived 
from vaccine naive acfailts than with post conjugate vaccine 
scA fiom infiinta or toddlers. Several fiieters, inehiding the 
quality of the assays and the sera being analysed, may .con- • 
tribUle to Uie modest condation. The accuracy of the EUSA 
m ay be^influCT ccd by the substances in the sera, fhe quality 
of Ae leagentshnaftcrials and steps used Sn the assay. The 
outcome of the opsoncpihagoGytic assays are affected by the 
type of phagocyteSy bacteria and complement used in the 
assay. In addition, titics and Oieiefoto coirelation between 
these aasays, may be afiected by eharaeieristies of the pop- 
ulation from which the sera is obtained or the presence of 
208 pre-existing antibodies or other pnenmococcal antigens in 

205 d)e sen: Optimization of the assays has improved the cof- 
207 relation between £USA and the opsonophagocytie assays 

206 [17»1 8]. JgG antibody concentrations as measured by ELISA 
200 aiqjeaia to be the best parameter to nse as the primaiy criteria 

210 for licensDze of new fomnilations for the following reasons: 

211 (1) IgO is the desired immune respODso; (21) the meihodol- 

212 ogy for measuring it is validated in inftocs; Q) a bridge to 

215 efficacy data has been established; and (4) a crossi-laboratory 
214 standardizanon process has been completed. The functional 
2is opsonophagocytie assays will provide critical svspplemen- 

216 taiy data for the serotypes included in Prevnar^ and pri^ 
.21^ rogy datt on additional serotypes i n ngy va ccines. Other 
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serologic tests can provide additional descriptive data but 2i8 

have not yet been standardised and have not proven to be 219 

predictive of protectivB efficacy. 220 

Finally, there arc also likely to be statistical challenges 221 

with the use of serological c ri t eri a for lleensure of pneuroo- 222 

coccal conjugate vaccines. Newer foimulations with nine or 222 

more difforent inununogens will be subject even to bigger 224 

problems associated with multiple statistical comparisons 22s 

than the cuirently licensed 7-valent pneumococcal coi\ju- 22s 

gate vaccine. Antibody responses to some conqionenta of 227 

dke new vaccine may be higiber or lower than for the licensed 220 

product, further complicating the analysis. 229 

J./. Serological predictors of protection against invasive 
disease if^etredjhom pneumococcal cofifngate vaedne 
^icacy trials 

The serological criteria that may predict protective effi- 
cacy against invasive pneumococcal disease are not precise 
concentrations but radier estimates or ^ireshold levels diat 
predict protection. The estimates arc based on efficacy data 
that are themselves not very precise, i.e. have wide confi- 
dence limits. Moreover, the serological criteria used Ibr en*- 
eapsulated bacteria are often from antibody binding assayi, 
eg. EUSA or 7UA, which are sum^te (oonelattve) mea- 
surements for the likely protective activity, i.ei bactericidal 
or Opsonic antibody. 

Serolog^csil criteria for evaluanon of pneumococcal con- 
jugate vaccines will be easier if serotype-speciiic eiBcacy 
data were available. However, in the Kaiser-PennanentB 
trial, sei otypc^specific efficacy was shown for only four of 
the seven serotypes inchnded in the vaccine. Ucensure was 
baM on aggregate efficacy, understanding that inmiune re- 
sponses and efficacy may vary between serotypes. Id the 
absence of serotype-^pecific efficacy data against invasive 
pneumococcal disease, it will not be possible 10 define spe- 
cific serological criteria for each serotype contamed in the asa 
vaccine. ass 
In order to establish a threshold concentration of antibody 264 
that predicts jirotcction rvo major simpHfyifvg assumptions ass 
may be made. The first assumption is that antibody con- 256 
centiation after the primary series of three doss of vaccine 2sr 
predicts protection. Sbice diere is conchuive evidence of 2sa 
aggregate efficacy afier a primary series of three dosca as 2S9 
well as afier fcmr doses, it is reasonable to use serological 260 
measuzemcnts after either three or four doses as criteria fijr aei 
evahiatlon. Post dose three assessment is more stringent bo- 202 
cause the antibody concentrations and functional activity are » 
lower than after the fourth dose and the highest age-specific 264 
disease risk is between die third and fourth doses. More- aee 
over, in many countries a threc*dose sc^dule is more ac- 266 
ceptable than a four-dose one. The second assumpticn is 2B7 
that the relationship between risk of disease and antibody 266 
conccntiation Is expressed in a stepwise rather Oian in a 266 
continuous function, whereas in reality the relationship is 2» 
continuous. 271 
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Ibking into consideration these two Bssumpdons, there 
ajE two qpdons for esthuatine the antibody threshold that 
pitdicts protection against invasive disease: (a) protective 
concentrations are relatively similar for all types and that 
one level may be used for all types; and (b) ooncentxatians 
art dlfTerent for each serotype. 

Since tiie vaccine efficacy (VB) for invasive disease is 
known one may apply Ifae following relationship to define 
the antibody concentration that jnedicis protection: 

probabnity of disease in Vax group 
probability of disease in control group 

% of Vtoc sttbjecta with [Ab] < Abpnitectn*c 
% of control snbjects with [Ab] < A1 



VE=1- 



If one applies 4i]5 relationship to the aggregate VE data 
ftora the Kaiser-Pennanenta efficacy trial [2], and if the an- 
tibody eonccntTBtions in the control population arc ignored, 
a serotype non-q^ccific threshold ooncentiation (i.e. option 
(a)) of 0:20 p.g/ml is obtafaied (see Fig. 1). 

If one uses option (b), an antibody tfareshdd can only be 
only be derived far serotype 19F nsing the same fonmila 
and this is 0.4 ^Lg/ml. For tfaa other three serotypes for which ^ 
efficaicy data are available, a threshold cannot be defined 
using the reverse cumulative distribution corves, because no 
vaccine jaihires were observed. 

In addidon to the above analysis, there are several addi- 
tional fyam that support the use of the 0.20 ligM thresh- 
old for predicting protection against invasive disease. 

K An antibody conccntrttlon 2:0.20 jLg/ml oQiresponds to 
the threshold of opsonic antibody titre of 1 :8 (Fig. 2). 

2. This threshold concentration also appears to predict the 
age-specific disease rates, i.e. the rates increase when 
passively acquired antibody concentrations decline below 
>0.20 \i^fm\ and then dcciease again when naturally ac- 
quired antibody concentrations increase above this oon- 
cemniion (Fig. 3). 
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3. This threshold is consistent with available data fiom aos 
passive unmvnizfl^on' using bacterial polysaccharide 308 
immune globolin (BFI(3) to prevent pneunoococcal otitis so? 
media [19] and invkslve pneumococcal disease [20]. 

4. Ibis threshold appears to clearly discriminate between 
oonjiigote vaccxnees and controls in immunogpnicity 
studies (Fig. 1). 

5. Infants with antibody >0.20 jtg/ml after coiijugate vac- 
' cme show evidence for priming for a subsequent response 

to the capsular polysaccharide (Fig. 4). Indeed, even 
immunized children who failed to reach the 0.2 iLg/ml 
threshold showed evidence of priming. 

6. 7o6t dose fhree-oniibbdy response is correlated with 
boodter lesponae 10 cos^gatc and polysaccharide 

. O^blel). 

Relatively modest differences in the point estimate of effl- 320 
cacy may significantly infhience the threshold antibody con- 321 
centratian derived by the method guggeated above. This tm- 
deriines the importance of precision of the efficacy estimate 
in deriving threshold andbody concentrations that predict 
protection. Pooling efficacy data from all the completed ef- 
ficacy trials may provide higher precision for the efficacy 
estimates and more precise information on the serological 
criteria. Moreover, pooling data would mean that different 32S 
ethnic papulation would be represemed in the data malditg aaa 
it more widely applicable. 

While it is clear that a threshold concentration that pre- aai 
diets protection may be different at least for a few serotypes, 332 
the absence of precise efficacy for many of the serotypes asa 
make type-spedfic threshold difficult to define. Moreovo^, 334 
it is unblcely that type-specific thresholds could be defined 39s 
for additional serotypes in formulations that had not under- 33S 
gone efficacy trials. Since the only licensed formulation was 337 
approved on the basis of aggr^te efficacy, the same princi- sw 
pie may be used with serological criteria, i.e. use a common aao 
threshold for all serotypes assuming that ttie ooncentratidn 340 
is relatively close for most serotypes. a4i 
The currently licensed vaccine was licensed based on cffi- 342 
cacy against bacterocmia and meningitis. Serological criteria 343 
that predict protection against this end-point may be derived 9u 
fronrthe efficacy and immunogenicity data. Howeverrtbesc w 
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cht^a may not predict protecdoxi against die more cammOA 
diseases caused by the pnounococcus, namely pneumoma 
and otitia. Cmrently available efficacy data may not be suffi- 
cient to derive criteria specific for these end-points. It is un- 
likely that even in the ongoing or recently completed txials 
serotype-speoific efficacy will become avail&ble for pneu- 
monia. Hence, ticensure of iiitare fbnnUlfitions will hsve to 
be based on invasive disease end^ints. 

Odier options for ertablishmg serological criteria that pre- 
dict protection are the use of ficonnetric mera ooncentratioQ 
(CMC) of antibody and seroeonveision rates. While GMC 
may be better to predict nmcosal protection, herd ininii]nity» 
and efficacy against vaeeinfrrelated types, proportion of re- 
spondeis reaching a threshfild level may be best predictor of 
protection against Invasive disease. The lack of coirelation 
between serotype-specilic OMCs and scrotype-spedfic pro- 
tection against acute otitis media (AOM) suggests Oiat OMC 
as such may not be an appropriate end-point even for pre- 
diction of immunity to mucosa] disease [21]. The antibody 
concentration needed for proieetioD against ADM seem to 
differ by serotype. Hub has been ^own by models which 
have included serolype-specifie antibody concentrations and 
the risk of acute otitis media caused by the serotype among 
vaccinated children [22]. Seroconversion could be used as 
a criterion for serotypes ibr whidi efficacy data were not 
available. However, seroeonversion will be difficult to define 
in the presence of passively acquired maternal antibody. 



4. The role of immunological memory In protection 
against pneumococcal invasive disease 



375 Thcrt is now evidence to show that conjugate vacdnes 

376 arc T-cell dependent antigens and that they induce immuno- 

377 logical memoiy in thcfoim of^an e9<panded^pool..of meni' 



oiy B cells [14^3]. Antibody concentratians may gradually a7a 
diminish after a primaiy series of doses and these cancm- 379 
tratibns may or may not &ll below the estimated protective aao 
.threshold. It is expected that' subsequem natural exposure 3bi 
TO die pathofien or another dose of the vsccine wai elicit a sea 
■booster response and result in a large increase in antibody 383 
pmduction so that the antibody concemrsdons may exceed w 
the protective threshold cancentraticm within 5-7 days of ex- 38S 
posme^ ]t is impctsmt to note that immunological responses ssa 
may difier between the licensed and new vaccine depending 387 
on vidian the serum was collected relative to the admimstra- 9bh 
tion of Uic priming series, any subsequent booster dose or 389 
natural immmiizing exposuxB m the oiganifim. aao 
Existing data snggest that drculating antibody, induced 39i 
by the primaiy series of vaocination with iPrevnar™, was asB 
maintuned as a result of priming [24] . Evidence tei pneu- 383 
moboccal conjugates induce inrminnologicBi memory raises a94 
the question of Whether memory alone is sufficient to con- aaa 
fer protection and wbeiber it will only be suffident to of- aaa 
icT protection against invasive disease or whether it will aar 
also provide proteedcm against AOM. Studies on the natu* aas 
lal Instoiy of disease and acquisition of immnmty in inftnts aaa 
suggest diat the iailttfe to moont a satisfactoiy immune 400 
spouse to capsular poVysaccharide leaves them more piune 40i 
to pnenmoooccail infection. Over time, carriage of the oi^ 402 
ganism repeatedly maintains natunl Immunity oficring pro- 408 
tection throughoot most of die remainder of an individual's 40i 
life. Only h) old age, as a consequence of wanmg hnmunity 405 
and other non-Immtmoloffoal ftctors, pneumococcal disease am 
once again becomes an important cause of moriiidity and 407 
mortality [25,2q. On this basifl^ it qppean to be leasonable 4ge 
TO predict that induction of immusological memoiy will be 4oe 
suffident fbr Ibng-tenn protection against disease. 4io 
For the pinposes of vaccine evaluation and licensure it is 4ii 
impottiaact to agree u pon a co mmon definition of immunolog- 4i2 
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ica! memory to a polysaccharide anbigCD. It can be deiindd fiS 
a response thfft is (a) present in an thewse n[]n-itq>onsivie 
individual (e.g. infents who do not noimally respond to cer- 
tain polysaccharide antigens), (b) characterised by a higher 
antibody lesponsc that is dominated by IgG on exposure 
to an antigen, and (c) characteiized by aiitibodies with in- 
creasod afflnJty or avidity as a result of affinity maturation. 
Thus, possible approaches to measming memory could in- 
clude: (a) evidence of a boostable/augmented innnune re- 
sponse with either polysaccharide or conjugated antigen; (b) 
the presence of a response dominated by IgG; and (c) in- 
creased antibody avidity. Generally, there is a relationship 
between antibody avidity and its functionality, in that higher 
avidity antibodies are functional at lower concentrations than 
lower avidity antibodies [27]. However, antibody concen- 
tration docs not always predict antibody avidity. Evidence 
suggests that a single dose of conjugate vaccine may be suf- 
ficient to increase andbody avidity [28,29], that higher avid- 
ity antibodies were more cfoss-reacdve with closely related 
pneumococcal serotypes [28,29], and that memory probably 
can be predicted irom tiie primary response (Table 1), al- 
though priming can occur in the absence of active antibody 
production (Fig. 4). For the purposes of vaccine evaluation, 
die simplest mediod of demonstrating memoiy would be the 
increased concentration and IgO dominance of an antibody 
response following a booster dose. 



43fl S. CoDdnsions 

440 Based on the discussions and dcliberatioos at the meeting, 

441 the following conclusions wcte drawn: 

442 5 J, Primary end-^int 



as measured by ipjSA 4 



444 • IgG antibody ooncentn 

449 wedu aftBT a fhree-dose priming series would be the op- 

446 limai primary end-poim and main ticensing parameter. 

447 • A single threshold antibody concentraiion that predicts 
44a protection against invaslva disease should be used for all 

449 pnenmococcal senitypeal This titteshold wQl ba deSBr- 

450 mined fhrough an analysis t^at poob data from ihe efiB- 

451 cacy trials with invasive disease end*-pohita that hatve been 
483 completed to date. 

469 • The pereentageofresponders (to he determined following 

454 the definition of flie thresliold conoeniration) should be 

459 used as the criteria to detenntne non-inferiority. 

456 • A single primary end<>point is sufficient for registration. 

457 J.2. Secondary end'points to support licenstira 
450 S^.J. Functional antibodies 

455 •^Ops^oi^go^c activigr as m easured b]r opsonophago- 

460 G^c assay aAer a thrn>dose priming series is TeqaircNl 



to demonstrate tfie fimeti naltty of antibodies; the op- 
sonophag cytic activity should be compared ideaUy to 
an age-matdied non-inummized population, as antibod- 
ies to other antigens can demonstrate opsonnphagoqriic 
activity. 

• Cross-laboratory standardisation of OFA should be con- 
ducted as soon as possible, and WHO would take appro- 
priate steps to accelerate this proeess. 

5.2.2, Immunological memory 

9 Evidence of memory 1^ be shown by administration of 
a booster dose of pneumococcal PS vaccine and compari- 
son of concentrations between age matched unprimed and 
primed individuals. 

• At this stage, use of a fractional dose of PS as booster is 
Didy a possibili^ b^t not sofiQciemly tested. 

• Avidity of antibodies Is also a useful marker for imrnuno- 
log^cal memory. 
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